REPLICA GRATING STUDY
NGR-22-091-002

INTERIM REPORT
December 1, 1966 - July 1, 1967

College of the Holy Cross
Worcester, Massachusetts



REPLICA GRATING STUDY

INTERIM REPORT -~ PHASE II

December 1, 1966 - July 1, 1967

S8ubmitted by: College of the Holy Cross
Worcester, Massachusetts 01610

Report prepared by: Roy C. Gunter, Jr.

Contract No.: NGR-22-091-002

Date: June 13, 1987



Table of Contents

Abstract.... ... . i i i ceeenes
Purpose of Effort...... oveievivronnecncas .
Nature of Effort....... .. ... eincerns .
Conclusions. ... ...ccovuveveonnn Neee e te s

Plans for Forthcoming Six-Month Period.....

Personnel,..... e e e te et s e e ceev s .

Budget (bound separately)



Abstract

The thermal-vacuum testing of samples of 1 meter concave replica
diffraction gratings has been started. The first test, subjection of
the gratings to pressures in the 10‘9 torr range and at ambient temper-
ature, has been completed. The gratings showed no significant change
in line profile. Two plane gratings were subjected to pressures in
the 10-1% torr range at ambient temperature and showed no signifi-
cant change in their interferograms.

Irradiation of a series of plane replica diffraction gratings
50 mm diam. by 10 mm thick and sluminized substrates of identical
material (pyrex) and dimensions showed distortions of the interfero-
grams starting at about 1012 electrons/cmz. The distortion appeared
to be the same in both replica gratings and aluminized substrate
material leading to the tentative conclusion that at this energy
level it 1s probable the substrate material rather than the replica-

tion process that would be the source of trouble.



1. Purpose of Effort

. Phase I of this study established the broad basic direction
the proj)ect was to take. In Phase II the directions indicated 1in
Phase I were pursued. Specifically the purpose of Phase II are:
1.1 Extension of the thermal-vacuum tests to include concave
replica gratings in the HCO tank (1072 - 1010 torr range)
and plane replica gratings in a tank at NASA GSFC (10712 .
10-13 range).,
1.2 Extension of the 1.2 Mev electron radiation study to include:
1.2.1 Literature search of varlstion of dose wlth orblts
in which grating experiments might be involved.
1.2.2 Determinstion with plane gratings of point at which
distortion begins to appear.
1.3 Extension of interferometric studies from plene gratipgs
only to concave gratings.

2. Nature of Effort

2.1 Thermeal-Vacuum Tests

2,1.1 10-9 torr range

At this time & Bsusch snd Lomb, & Diffraction Products,
and a Jarrell-Ash concave replica grating have been
subjected to the first in a series of thermal-vacuum
tests in the 10-2 torr range. This first test was at
ambient temperature and the pressure maintained at
less than 2 x 109 tork for 4 days. Inspection of
the line profiles of varlous lines in the He and Hg
spectra from 584A to 5461A shows no significant

. variastion pre and post stress. The gratings have
now been returned to the Harvard College Observatory
(HCO), Solar Satellite Project, for stress in this

same pressure range but at reduced temperature.



2.1.2

Grating #1
Grating #2

Grating #3

(Control)

10‘15 tory range

Three 2%% x 234" x 3/8% plene Jarell-Ash replica
gratings with pyrex substrates were exposed to
pressures in the 10-193 torr range and at tempera-
tures and durations ss shown in Table I. The work
was done for us at GSFC under the supervision of

Mr. Charles E. McAndrew.

TABLE I

Ultra-Low Pressure Thermal-Vacuum Stress

of
Plane Replica Gratings

Durstion of Durstion of Duration of

Exposure Pressure Temperature
(Hours) (x 10-13 torr) (og)

50 1.1 ¥ (.2) 29.0 ¥ (.5)

50 1.1 ¢ (.2) 11.8 ¥ (.5)

50 1.1 ¥ (.2) 23.8 ¥ (.3)

Grating #3 was & control with a thermocouple not
only on three sides but eglso in the middle of the
ruled surface.

Interferometric examination in a Twyman-Green type
instrument showed no significant distortion produced

by this stress.

2.2 Particle Irradistion Studies

2.2.1 Literature Search of Varigtion of Dose with

Orbits in which Grating Experiments Might be

Involved.



3.

A study was made at GSFC, following a suggestion
by Dr. F.W. Paul and under the subsequent super-
vision of Mr. Charles E. McAndrew and Dr. E.G.
Stassinopoulos, as to whether the current one year
equivalent dose of 1.2 Mev electrons in the Van
Allenbelt was typical of exposures actually ex-
perienced by unshielded gratings. Thie study,
reported previously, showed year doses for 1.2 Mev
electrons as low as 1 x 108 electrons/cml/year for
a 00 inclination, 300 n mi radius up to 4 x'lol1
electrons/cmz/year for & 90Y inclination 450 n mi
radius. These doses are those projected for 1968.

Actual data is sparse but what is available
has shown & range from 4 x 109 electrons/cm?/year
to 5 x 1012 electrons/cm?/year. The difference
between the data projected for 1968 and the actual
data 1s due in part to the variability of the radi-
ation in space.

A further computer study was made by Dr.
Stassinopoulos and was reported in a memorandum to
Mr. McAndrew dated April 12,»1967. Subject to the
qualifications appended to the memorsndum it would
sppear that the orbit integrated omni-directional
vehicle encountered 1-2 Mev electron flux as of
May 15, 1966 was about 7 x 1011 electrons/cm?/year.
This is sensibly 1n agreement with the literature

search earlier referenced.



2.2,8 oeterwloeticn of Tie vesge at ¥ilng ilsvort

Begins to Appear in Plane Replicae Diffraction

Gratings.

With the informatlion from the studles in 2.2.1
at hand an experiment was initliated with the cooper-
ation of the AFCRL RHsdiation Physics Branch to deter-
mine at what dose 1.2 Mev electrons would produce
distortion in some speclial plane replica diffraction
gratings. These gratings were on a pyrex substrate
50 mm diameter by 10 mm thick, with both front and
back surfaces finlshed to about one-quarter wave-
length of £461A radlatiocn. Not only were the
replics gratings 1rradiated but also irrsdlated were
aluminized substrates of exactly the same dimensions
end msteriel. This experiment was similsr to that
done earller but thls time under much closer eontrol.
The energy was mgintsined &t 1.2 Mev in the Dyna-
mitron drift tube. The calculated eﬁergies at the
targetl are snown in pecentheses atv esch of the Jdata
points. The gratings were examined pre and post
irradietlion and the variatlicn in dlstortion as
meagured on a Twyman-Green instrument &s & function
of dose 1s shown in Figure 1.

Several rather interesting resulte were gleaned
from this experiment.

2.2.2.1 The varistion of distortion wss spproximstely
linear sbove 1014 e]ectrmns/cmg.
2.2.2.% The varisgtion of distorticn was spproximately

) ,
0 at 101“ electrons/cnl.
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2.2.2.3 The front surface, i.e. the surfasce facing the

oncoming radiation, went convex.

2,2.2,4 The rear surface went concave the same amount

as the front surface went convex - at least to

within a fraction of a fringe.

2.2.2.5 Of great importance was the observed fact that,

2.2.3

at least for these particular gratings, the
variation in distortion in the grating was the
same as that of the gluminized substrate alone.

Extension of Interferometric Studies from Plane

Gratings Only to Concave Gratings.

Numerous workers have 1lndicated the desirability
of having an interferometric as well as g spectro-
graphic analyslis of graetings. A falrly straight-
forward method was developed by G.W. Stroke (J.0.8.A,
45, 30 (1955)) for plene gratings and has been used
extensively since that time. A comparable approach
has been used for concave using a Twyman-Green inter-
ferometer but interpretation of the significance of
the fringes in the presence of the aberrstions of the

surface was difficult. We have been studying this

problem for sometime and have looked at both the Ronchi

and Zone Plate Interferometer approaches. Most re-
cently we have been studying a method proposed by
K.G., Birch (J.Sci. Instr. 43, 243 (1966)) for the
interferometric examination of the ruling errors of a

concave grating. This method uses a single parallel

plate to effect a shearing of the beam from the grating



with 1tself. The method as applied to concave mirrors
was discussed previously by M.V.R.K. Murty (Applied
Optics 3, No. 4, 531 (1964)) and in both instances a
He-Ne gas laser 1is used.

Tests to date have indicated definite promise of
this method. The first work was done with a relatively
crude set-up and the initial success has led us to
refine the method. Interferograms were obtained with
the early set-up and are expected from the new snd im-

proved method shortly.

3. Conclusions

3.1

3.2

Thermal-Vacuum Stress

On the basis of as yet incomplete thermal-vacuum tests
1t would appear that the line profiles from the three
commerciel 1 meter concave gratings tested have not shown
eny degradation when subjected to a vacuum of 10'9 torr for
several days at ambient temperature. One set of plane
gratings slso showed no interferometric distortion when
subjected to a pressure of 10'13 torr for several days at

embient temperature.

1.0 Mev Electron Irradistion Stress

Irradiation of a set of replica diffraction gratings
and aluminized substrate materigsl of the same material,
pyrex, showed distortions starting at slightly in excess of
1012 electrons/cmz. The distortion was convex towards the
beam and was the same for both replica gratings and aluminized

substrates. The rear surface went concave the same sasmount

as the front surface went convex.



i . 3.3 Interferometric Analysis of Concave Gratings
The shearing method of Birch appears to have signi-
ficant promise.

4. PRlans for Forthcoming Six-Month Period

4.1 Thermgl-Vacuum Tests

The three concave replica gratings will be tested in
the HCO tank at reduced and then elevated temperatures.

Currently we are hoping that the very high vacuum tests

being conducted at NASA-GSFC will be continued so we can

also complete this series. The in-situ tests are still in

the prelimingry stage and this work will be continued. If

funds sllow, we plan to purchase a thermal system thast will

allow us to control the temperature of the gratings while
. they are under test.

4.2 Pgrticle Radigtion

4,2.1 1.2 Mev Electrons

After the thermal-vacuum tests are completed
in the HCO chember, the three commercial type concave
gratings will be subjJected to increasing doses of

11 electrons/cm2 and continu-

radiation starting at 10
ing until & significent degradation in performance
occurs. Figure I of this report indicated that dis-
tortion started to occur in the interferogrsms of

12 but we will start a

some plane gratings at 10
decade lower to insure that we are at the zero dls-
tortion point. These concave gratings wlll be examined
in our monochromator primarily for varlation in line

shape. It is hoped that by the time we are ready to



‘ irradiate, we will also be able to examine the
gratings interferometrically using Birch's method
or g modification thereof.

4,.2.2 Positive Particles

Currently under installation at Holy Cross
18 8 2 Mev Van de Graaff Generator. It is anti-
clpated that some positive particle irradliation
will start - probably initially on plane gratings -
during the forthcoming period.

4.2.3 Electrons of Other Than 1.2 Mev Energy

We plan as soon &s possible to examine the
effects of negative particle irradistion that would
be captured entirely in the "plastic layer" of the

. replica grating. Electrons of energies less than
1.2 Mev abound in space and the experiments reported
in Figure I plus the suggestions of F.W. Paul regard-
ing precisely this same point indicate we must look
at this matter carefully.

4.3 Efficlency Measurements

With the approval of our supplementary funding request
we are initiating e new phase of effort - one in which we
will not only be able to measure line profile but salso
relative efficiency. The instrument should be delivered
according to present plans within six months.

5. Personnel

5.1 §enior Staff

While each of the senlor staff participated in some
phase of gll of the tests, the principal area of responsi-

bllity of each investigator is as shown.



10.

Dr. Roy C. Gunter, Jr., Holy Cross College--principal

investigator
Dr. Edward F. Kennedy, Holy Cross College--irradiation

Dr. Frencie W. Ksseta, Holy Cross College--electrical

measurements

Mr. Robert F. Kelley, State College at Worcester--

in-sltu thermal stressing

Mr. George E. Schmidt, Jr., Worcester Polytechnic
Institute--electron micrographs

5.2 8Btudent Staff

Although many students have been involved in one
phase or gnother of the program, the following were those
with specific assignments:

John Ebersole--optical tests

Robert Gibbons--vacuum equipment/tests
Williem Mueller--line profiles

Mark Roberts--line profiles

5.3 B8upport from Other Laboratories

Mr. Lester F. Lowe, AFCRL - irradiation tests

Dr. Mason C. Cox, Dr. Paul M. Waters, Dr. Richard
F. Woodcock, Mr. Sgmuel F. Walton, Mr. Colin Yates
Research Department of America Optical Co. -- glass

etressing and tests

Dr. E.M. Reeves, Mr. Nathan Hazen, Mr. Frank Kaszlnski,
Mr. James MacDonald, Harvard College Observatory -

thermal-vacuum tests
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‘ Mr. Richard Schmitt and colleagues of the Jarrell-Ash
Co. Grating Lsborstories

Dr. Irwin Loewen and colleagues of the Basusch and Lomb

Co. Grating Laboratory



